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Who Am I? (a brief introduction)

>
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>

| am an Associate Professor of Physics at SMU and a computational experimental
physicist in practice. | am also about to become the Physics Department Chair.

| earned my Ph.D. on the BaBar Experiment. Most notable accomplishment there
was the discovery of the 7,(1S).

I've been active on the ATLAS Experiment since 2009. Most notable
accomplishments so far have been the Run 2 b-quark-initiated jet (b-jet) triggers and
the first observation of H° — bb.

| am very interested in heavy flavor physics at the EIC, notably intrinsic strange and
heavy flavor in the proton, neutron, etc. Generically, | am interested in heavy flavor as
a tool in the EIC physics portfolio.

Most notably: | am not an originator or developer of the DELPHES analysis
framework; | am just a committed user these days.
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What is DELPHES?

What is DELPHES?

A framework for fast simulation of a generic collider experiment

“Delphes [1] is a C++ framework, performing a fast multipurpose
detector response simulation. The simulation includes a track-
ing system, embedded into a magnetic field, calorimeters and a
muon system. The framework is interfaced to standard file for-
mats (e.g. Les Houches Event File or HepMC) and outputs ob-
servables such as isolated leptons, missing transverse energy
and collection of jets which can be used for dedicated analyses.
The simulation of the detector response takes into account the
effect of magnetic field, the granularity of the calorimeters and
sub-detector resolutions. Visualisation of the final state particles
is also built-in using the corresponding ROOT library.”

DELPHES Project Site
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DELPHES

fast simulation

| first encountered DELPHES during the
2013 Snowmass process, when it was
clear the community needed a
collaboration-independent framework to
project into the future without needing

large collaboration approvals.
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https://cp3.irmp.ucl.ac.be/projects/delphes

. WhatisDEWPHES?
DELPHES: the basic ideas

» Generate a primary event and hadronization using standard tools like POWHEG,
PYTHIA, etc. (choose your favorite) — export to LHEF or HepMC2 format.

» Use an appropriate DELPHES executable to read in your events as well as the
detector parameterization.

» The flow of algorithms in the detector parameterization is controlled by the user, but a
sensible order is usually:

>
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Separate neutral and charged long-lived particles;

Apply a track efficiency and smearing procedure to emulate the tracker;
Run a calorimeter reconstruction on energy deposits, including particle flow;
Construct jets, missing energy, and other high-level objects;

Apply particle ID maps to emulate a dedicated PID system (or systems);
Save to disk in ROOT format.

Analyze and visualize.

Examples of all of this follow.
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Installing, Configuring, and Running DELPHES

https://github.com/delphes/delphes

git clone https://github.com/delphes/delphes.git
# Make sure ROQT is installed before compiling
# If you want to compile with PYTHIA8.2:

# HAS_PYTHIA8=true
PYTHIA8=/path/to/pythia82/ ./configure

# Otherwise, just run:
# ./configure

make -j

make -j display
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libDelphesNoFastJet.so
st ile

hepmc2p

Examplel
DelphesValidation
DelphesSTDHEP
DelphesROOT
DelphesPythiag N
DelphesLHEF
DelphesHepMC
CaloGrid
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https://github.com/delphes/delphes

Installing, Configuring, and Running DELPHES

https://github.com/miguelignacio/delphes_EIC

git clone https://github.com/miguelignacio/delphes_EIC.git
Is delphes_EIC/delphes_card_EIC.tcl # Detector Configuration Card
Is delphes_EIC/CC_DIS.cmnd # Pythia8 Configuration File for CC DIS

cd delphes/
./DelphesPythia8 ../delphes_EIC/delphes_card_EIC.tcl ../delphes_EIC/CC_DIS.cmnd
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https://github.com/miguelignacio/delphes_EIC

. nctaling, Configuring, and Running DELPHES
A Peek in the DELPHES Cards: Defining the Sequence of Algorithms

> The fII’St thlng y0U dO |S SpeCIfy the # Propagate particles in cylinder
order of execution of “modules” in

DELPH ES module ParticlePropagator ParticlePropagator {
" set InputArray Delphes/stableParticles
> The fII’St m0dU|e IS the set QutputArray stableParticles
0 . . set ChargedHadronOutputArray chargedHadrons
ParticlePropagator, Whichis et E ciactrons

responsible for taking the set e
StablePartiCleS IISt from the #Values taken from EIC detector handbook v1.2
|nput SImU|atI0n and, for Charged # radius of the magnetic field coverage, in m
set Radius 0.8
par“cles, Creatlng a I|S‘t of hehcal # :a;f{;e:ngt:hni ;Ee magnetic field coverage, in m
o - o set HalTtength 1.
trajectories in space
. . # magnetic field
» Here you can impose a solenoidal set B2 $PARANLRZ

magnetic field




.~ |Instaling,Configuring, and Running DELPHES
A Peek in the DELPHES Cards: Tracking Efficiency

# Comon Tracking £fficiency Hodel » For each class of charged particle - hadrons,
B electrons, and muons - you can now impose
set CommonTrackingEfficiency g 0
A *10.60) + a tracking efficiency model based on pt and
(abs{eta) <= 1.5) * (pt > 6.1 && pt <= 1.0) * (0.97) +
(absieta) <= 1.5) * (pt > 1.0) * (0.99) + eta.
(absfeta) > 1.5 && abs(eta) <= 2.5) * (pt > 0.1 && pt <= 1.0) * (0.96) + . . .
(abs(eta) > 1.5 & sbs(eta) < 2.5) * (pt > 1.0) * (0.98) + » You define a formula string and passitto a
(absfeta) > 2.5 && abs(eta) <= 3.5) * (pt > 0.1 && pt <= 1.0) * (0.95) +
(absfeta) > 2.5’&& abs(eta) <= 3.5) * (pt = 1.0) e Ee.m; + clone of the Efficiency module
(abs(eta) = 3.5 * (0.00 . i
} L » We've implemented a baseline EIC detector
model, consistent with the handbook but
# Charged hadron fracRing afficiency improvising some, based on past

experiments, to establish reasonable levels
of efficiency (which the handbook doesn’t
over-specify, of course)

» | won't show them here, but there are also
stages for tracking momentum resolution
smearing and impact parameter resolution
smearing. You again just define the formula.

module Efficiency (

1



Installing, Configuring, and Running DELPHES

A Peek in the DELPHES Cards: Calorimeter Layout and Performance

Y

e » The simpleCalorimeter module allows you to layout, in

smsrEEmaERS

module Sinpletalorinster ECaL { ¢ and n and longitudinal segmentation, a calorimeter

it A system.

 erupatceny solionrs » ECal example is to the left, showing just the barrel layout.
AR e This is aligned with the EIC detector matrix/handbook.

R 0L v » You can then use formulas to specify how particles partition

their energy in this system.

set b3 (g aspal-DY] » You can also specify an energy resolution formula, just like

L T e B e the tracking efficiency example but with n and energy.

# the list ends with the higher edged of the last tower

set IsEcal true

# Granularity is not discussed in EIC detector handbook

Energy Partitioning and Resolution

##BARREL
# assune 6.0174 x 0.620 resolution in phi.eta in the barrel letal < 1.0

for {set 1 -180} {si <= 180} {incr i} {
add PhiBins [expr {81 * $pi/180.0}]

ion {11} {1.0}

- i 221 {1

#deta=0.02 units for letal <=1.0 {22} (1.0}

for {set 1 -50} {si = 50} {incr i} { fe ner on {111} {1.0}
set eta [expr {51 * 0,02}) ) ST )

add EtaPhiBins Seta SPhiBins ionFormula { (eta -2.0 && eta>-4.0) % sqrt(energy

0.01"2 + energyx0.( + \
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Installing, Configuring, and Running DELPHES
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Using the DELPHES Output




Delphes ROOT Structure

The output ROOT file contains a TTree, Delphes, with
generator- and reconstruction-level information. The
DELPHES Wiki has a Workbook with decent
documentation, including a description of the tree
contents.

You can load the DELPHES library to help ROOT
understand the objects in the tree, or you can just use
them without special treatment (e.g. to access simple
features like track pr, etc.). You can run interactively or
write ROOT macros, or full compiled analysis framework
code, etc. to use the output. It's very flexible and allows us
to get to physics quickly.

coordinate of point of closest approach to vertex

vd ¥ coordinate of point of closest approach to vertex
zd Z coordinate of point of closest approach to vertex
L track path length

Vertexindex

class Tower
ET
Eta
Phi


https://cp3.irmp.ucl.ac.be/projects/delphes/wiki/WorkBook
https://github.com/miguelignacio/delphes_EIC/tree/master/SimpleAnalysis
https://github.com/miguelignacio/delphes_EIC/tree/master/SimpleAnalysis

. |UsngtheDELPHESOWp
Example: From PID performance text file to DELPHES to Projected PID Performance

pixel = 3 mm / Track Resol = 1 mrad

Probability

>
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Left: plot from Murad Sarsour, also provided as performance text file. Right: DELPHES K — K PID
efficiency from quick analysis of output ROOT file.


https://github.com/msar15/mRICH_pid/

Vlsuallzmg Events




Event Display

delphes/

root -1 ./examples/EventDisplay.C’ (
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Event Display

Single-jet high Q2 DIS
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Event Display

Dijet in
high Q2
DIS

8
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Event Display

Neutral-current DI

boson-gluon fusion
double-charm jet
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Event Display

Dijet, low Q2 DIS
(photoproduction) ,

electron (cyan) gows down the beam pipe
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Event Display

Single jet, Charged-curre
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Event Display

Hard diffractive
photoproduction

electron (cyan) proton (purple) escape
down the beam pipe
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Event Display

Hard diffractive DIS, (proton ~100
GeV in cyan escapes down the
beam pipe)
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Event Display

Hard diffractive DIS, high Q2.

(proton in cyan escapes down the beam pipe)
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Event Display

nAdra airrrracuve viS, 1I0W Y.z,
(proton ~140 GeV in cyan escapes down the beam pipe)
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Conclusions




Conclusions

» DELPHES is an open-source framework for simulation of a generic particle detector.

» An SMU student (Burleson) recently submitted a bug fix using the recommended GitHub
pull request procedure, and it was accepted — we are happy to report they take the
open-source, community development part very seriously.

> It’s pretty easy to get up and running and we’ve already done a lot of the work of
implementing a baseline EIC Detector

> We've recently turned to trying out PID detector proposals in this framework, and you
can see we're making positive progress — we’re happy to study PID in the context of
charm jet tagging and intrinsic proton strangeness, and the best way to facilitate that is
to provide maps of PID hypothesis vs p and 7, etc. for different configurations/choices.

» We've (Arratia, Furletova, Hobbs, Olness, S.S.) already generated 1 paper using this
and we’re planning on at least a few more (with a now larger group of charm jet
enthusiasts), with a focus on material most relevant to the Yellow Report. (c.f.
arXiv:2006.12520), available in Ref. [2]).


https://arxiv.org/abs/2006.12520




tar zxf pythia8244.tgz
pythia8244/

iLepScat = isDIS ? (beamOther[0].iPos ()

(iLepScat > (event.size()-1)) {
false;
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